






































第皿章 pH及び食塩濃度とかまぼこの保水位 一一一一一一 43 
第1節すり身及びかまぼこの保水位に及ぼす
pHの影響 一一一一一-一一一一一一一一-一一一 44 
第2節すり身及びかまぼこの保水性に及ぼす
食塩の影響 一一一一-一一一一一一一一"一一一 50 
第3節すり身のpH及び食塩濃度とかまぼこの物性 一 54 
第町章加工温度条件とかまぼこの保水性 一一一一一一一一 59 
第1節塩ずり及び加熱における温度条件と


































































































































Frozen surimi of A1aska po11ack without NaC1 (Muen-surimi) 
14-thawed at lOoC for 2 h. 
|モ-ground pre1iminari1y for 5 min with a si1ent-cutter. 
トモ-ground for 15 min w;tha silent-cutter， adding fina1 
concentration of 2.5% of NaC1 and 20-35% of water. 
Sa1t-ground surimi 
stuffed by 80 9 portions in po1yviny1idene ch10ride 
tube casing (32 mm in diameter). 
モ-heated at 900C for 40 min. 
←-coo1ed by chi11ed water for 30 min. 
cふng-山 ffedkamaboko 
l←pee1ed and p1aced in po1ypropy1ene po1yethylene 
1aminate fi1m bags. 
ト←packedunder vacuum of ca. 10 mm Hg for 10 s. 
Vaeuum-packed kamaboko 
Fig. 1-1. Procedure for the preparation of casing甲 stuffed
kamaboko and vacuum-packed kamaboko・
-5・
遊離水分の測定 ケーシング詰かまぼこ及び真空包装かまぼこを5'Cに保存
























高いほど多く， A< B< Cく DのJI慌になった.概してヘヶーシング詰かま
ぼこは全体的に真空包装かまぼこより遊離水は少なし真空包装かまぼこで
-6・
Table 1-1. Changes ;n amounts of released water from 
casing-stuffed kamaboko and vacuum-packed kamaboko 
Casing-stuffed Va叩叩可acked
* Periods of s句rageat 5
0C (days) 
匂rple 10 20 却 的 10 m 泊 的
A 0.5 0.6 0.6 0.8 0.8 1.4 2.5 3.0 3.4 3.8 
-Releas吋 B 0.7 0.9 1;0 1.1 1.2 1.4 2.4 3.1 3.9 4.5 
water(%) C 1.2 1.2 1.4 1.4 1.5 1.4 3.3 3.4 4.2 5.2 
D 1.7 1.3 1.5 1.7 '1.7 2.0 3.5 4.0 4.3 6.3・





















Taole.1-2. Changes in amounts of expressible water from casing-
stuffed kBIDBboko and vacuum-packed kBIDBboko 
Casing-s如ffed VaαM汁予acked
+守 Peri吋sof storage at 5
0C (days) 
匂市le 10 自 お 的 10 m 却 40 
A 8.8 8.4 8.6 8.4 8.9 8.2 7.9 7.9 8.4 8.1 
Exprモssible B 9.1 9.4 9.2 9.6 10.0 9.2 9.0 9.1 8.6 8.7 
water (%) . C 10.5 10.7 10.5 10.3 11.1 10.2 9.9 9.9 10.3 10.0 
D 11.8 12.0 12.2 12.1 12.3 11.5 11.8 12.1 11.6 11.5 

















Tab1e 1-3. Changes of hardness of casing-stuffed kamaboko and 
vacuum-packed kamaboko 
臼si吋-stuffed. VaαM汁予acked
梼 p'eriodsof storag巴at50C (days) 
匂1lJ1e 1 10 20 3) 40 10 20 3)伺




1.26 1.24 1.40 1.49 1.62 1.32 1.54 1.55 1.52 1.印
0.93 1.02 1.07 1.10 1.13 O.兜 1.∞1.031.位 1.05
0.53 0.64 O.日 0.74O.田 0.530.64 0.71 0.85 0.85 















































Frozen surimi of Alaska pollack without NaCl (Muen-surimi) 
I~ thawed at lOoC for 2 h. 
作--groundpreliminarily for 5 min with a silent-cutter. 
、トモ-groundfor 15 min with a silent-cutter， adding final 
上 coneentrationof 2.51. of NaCl and 20-35i.of water. 
Salt-ground surimi 
モー stuffedby 80 9 portions in polyvinylidene chloride 
tube casing (32 mm in diar問 ter). 
モ-incubatedat 50C for 20 h， in case. setting applied. 
モー heatedat 900C for 40 min. 
や-cooledin chilled water for 30 min. 
Caring-stuffed Kamaboko 
モ-peeledand placed in polypropylene polyethylene 
laminate film bags. 
←-packed under vacuum of ca. 10 mm Hg for 10 s. 
モー heated.at 900C for 0-25・min.
←-cooled by chilled water for 30 min. 
vad;11ITトpackedkamaboko 
Fig. 1-Z Procedure for the preparation of casing-stuffed 









Table 1-4. Changes in amounts of released water from vacuum-
packed k8m8boko with or without setting 
* Periods of storage at 5
0C (days) 
Sample 10 20 30 40 
A 1.4 2.5 3.0 3.4 3.8 
8 1.4 2.4 3.1 3.9 4.5 
C 1.4 3.3 3.4 4.2 5.2 
Released D 2.0 3.5 4.0 4.3 6.3 
water (%) 
As 1.6 2.8 3.0 4.2 4.5 
Bs 2.6 3.3 4.9 5.5 5.9 
Cs 2.8 5.1 6.1 7.0 8.4 
Ds 3.3 5.7 6.5 8.0 8.9 
K8m8boko samples were prepared by the procedure in Fig・1-2
without setting incubation ( A -D ) or with setting incuba~' 
tion ( As -Ds) at 50C for 20 h. 
普 Watercontents: A & As: 79.1%， B & Bs: 80.5%， 
C'& Cs: 81.6%， D & Ds: 82.8%. 
この結果から明らかなように，坐らせたAs，Bs， Cs， Dsは坐らせない














Table 1-5. Changes in amounts of expressible water from 
vacuum-packed kamaboko with or without setting 
.* Periods of storage at 5
0C (days) 
Sample 10 20 30 40 
A 8.2 7.9 7.9 8.4 8. 1 
B 9.2 9.0 9. 1 8.6 8.7 
c 10.2 9.9 9.9 10.3 10.0 
Expressible D 11.5 下1.8 12.1 11.6 11.5 
water (7.) As 8.2 8.4 8.3 8.0 8.5 
Bs 8.8 9.3 9.4 9.3 8.9 
Cs 10.0 9.9 9.7 9.5 9.5 
Ds 11.0 10.6 10.8 10.5 10.6 
キー Refer to water contents of the sample in Table 1-4. 
Table 1-6. Changes of hardness of vacuum-packed kamaboko 
with or without setting 
* Periods of storage at 5
0C (days) 
Sample 
10 20 30 40 
A 2.07目 2.13 2.21 2.31 2.32 
B 1.32 1. 54 1.55 1.52 1.60 
c 0.98 1.00 1.03 1.02 1.05 
Hardness 
D 0.53 0.64 0.71 0.85 0.85 
(T.U.) As 2.54 2.88 2.75 2.84 2.70 
Bs 2.02 2.16 2.20 2.40 2.18 
Cs 1.65‘ 1.67 1‘64 1.65 1.70 
Ds 1.20 1.24 1.24 1.28 1:20 












Tab1e 1-7. Influence of re-heating after vacuum-packing on the 
water release from vacuum-packed kBmBboko 
持 Periods of Periods of storage at 50C (days) Samp1e heating 
(min) 10 20 30 40 
O 1.4(7.) 2.5(7.) 3.0(7.) 3.4(7.) 3.8(%) 
A 5 0.9 1. 1 1.2 1.7 1.9 
25 1. 1 1.0 1.3 1.4 1.8 
O 1.6 2.8 3.0 4.2 4.5 
As 5 1.2 2.0 2.4 2.6 2.9 
25 1.5 2.0 2.1 2.6 3.0 。 1.4 2.4 3. 1 3.9 4.5 
8 5 1.0 0.9 1.4 1.7 1.5 
25 1.0 1.0 1.5 1.4 1.5 
O 2.6 3.3 4.9 5.5 5.9 
Bs 5 2.7 2.8 2.8 3. 1 3.9 
25 1.9 3. 1 3.2 4.0 4.7 
O 1.4 3.3 3.4 4.2 5.2 
c 5 1.2 1.3 1.6 2.1 2.4 
25 1.5 1.6 1.5 1.8 2.5 
O 2.8 5. 1 6.1 7.0 8.4 
Cs 5 2.3 4. 1 4.5 4.7 4.9 
25 3.0 3.6 4.0 4.8 4.8 
o 2.0 3.5 4.0 4.3 6.3 
D 5 2.1 2.1 3.0 3.5 4. 1 
25 1.9 2.1 2. 1 3.4 3.6 。 3.3 5.7 6.5 8.0 8.9 
Ds 5 3.4 4. 1 4.7 4.8 5.6 
25 3.5 4. 1 4.4 5.0 6.2 












Tab1e 1-8. Inf1uence of re-heating after vacuum-packing on the 
expressib1e water from vacuum-packed kBmBboko 
普 Per・iodsof Periods of storage at 5
0C (days) 
Samp1e heating 10 20 30 40 (min) 
O 8.2(%.) 7'.9(%) 7.9(%) 8.4(%) 8.1(%) 
A 5 8.8 8.6 8.5 8.7 8.3 
25 8.8 8.5 8.9 8.7 8.4 。 8.2 8.4 8.3 8.0 8.5 
As 5 8.7 8.3 8.4 8.6 8.4 
25 8.8 8.8 8.6 8.8 8.4 
O 9.2 9.0 9. 1 8.6 8.7 
B 5 9. 1 9.3 9.4 9.1 9.3 
25 8.9 9.2 9.2 9.0 9. 1 
O 8.8 9. 1 9.4 9.3 8.9 
Bs 5 8.4 9.5 9.1 9.5 9.5 
25 9.0 9. 1 9. 1 9.2 9.1 。 10.2 9.9 9.9 10.3 10.0 
C 5 10;7 10.5 10.7 10.3 10.1 
25 10.2 10.4 10.2 10.7 9.7 。 10.0 9.9 9.7 9.5 9.5 
Cs 5 10.6 10.4 10.0 10.1 10.2 
25 10.2 9.3 10.3 9.6 9.2 
O 11.5 11.8 12.1 11.6 11. 5 。 5 12.1 12.5 11.7 12.4 11.6 
25 12.6 12.4 12.3 11.8 11.7 
O 11.0 10.8 10.8 10.5 10.6 
Ds 5 11.9 11.8 11.3 11.6 11.3 
25 12.3 11.5 11.8 11.2 12.0 
骨 Refer to the sample in Tab1e 1-4. 
-15・
Tab1e 1-9. Inf1uence of re-heating after vacuum-packing on the 
hardness of vacuum-packed kamaboko 
4を Periods of Periods of storage at 5
0C (days) 
10 20 30 Samp1e heating 40 
(min) (T. U. ) (T. U. ) (T.U.) (T.U.) (T.U.) 。 2.07 2.13 2.21 2.31 2.32 
A 5 2.01 2.06 2.11 2.16 2.20 
25 1. 91 2.06 2.05 1. 95 1.98 。 2.54 2.88 2.75 2.84 2.70 
As 5 2.53 2:67 2.72 2.61 2.75 
25 2.68 2.60 2.68 2.51 2.60 
O 1. 32 .1.54 1. 55 1. 52 1.60 
B 5 1. 21 1.40 1.47 1.42 1.34 
25 1.20 1.38 1.42 1.40 1.39 
O 2.02 2.16 2.20 2.40 2.18 
Bs 5 2.25 2.26 2.41 2.30 2.21 
25 2.05 2.17 2.26 2.43 2.25 。 0.98 1.00 1.03 1.02 1.05 
C 5 0.87 1.01 1.08 1. 16 1.09 
25 0.74 0.94 1.06 1.06 1.06 
O 1.65 1.67 1.64 1.65 1. 70 
Cs 5 1.65 1. 70 1.63 1.81 1. 78 
25 1.66 1.73 1.82 1.70 1.63 
O 0.53 0.64 0.71 0.85 0.85 
D 5 0.59 0.71 0.73 0.76 0.78 
25 0.54 0.60 0.73 0.78 0.75 。 1.20 1.24 1.24 1.28 1.20 
Ds 5 1.09 1.18 1.17 1.17 1.15 
























































































































ングに詰めて， 90'Cで40分間の加熱を行ない，水分含量の異なるA，B， C 
3種類のケーシング詰かまぼこを調製した.この操作の詳細はFig.2-1に示し
た通りである.








Frozen surimi of Alaska pollack with NaCl (KBen-surimi) 
モ--thawedat 100C for 2 h. 
モ-groundpreliminarily for 5 min with a silent-cutter. 
や~ground for 15 min with a silent-cutter， with 15， 25， 
and 35% of crushed ice and 2.5% of NaCl at the final 
concentration. 
←-stuffed in polyvinylidene chloride tube casings 32 
mm in diameter. 
←-heated at 900C for 40 min. 
モー cooledwith chilled water for 30 min and stored at 
40C over‘night. 一‘ F
'" Casing-stuffed kBmBboko 
Fig. 2-1. Procedure for the preparation of kBmBboko・
Tめle2-1. Relative humidity given by the respective 






























lodo箆 7 上一=nlo~M + Y 
ー 1 -r 
Y = logK・log2.303
関係湿度








1OOR = 1 + SR a(100・R)























;! 300 . 













20 30 40 50 60 70 80 90100 
Relative humidity(句。)
Fig・2-2. Water sorption isotherm of kamaboko sample A 

































Fig. 2-3. Water sorption isotherm of kBmBboko sample A 


















1 = 1.45 
10 20 30 40 50 60 70 
Relative humidity(O/o) 
Fig. 2-4. Water sorption isotherm of kBmBboko sample A 




























































o 10 20 30 40 50 
T.ime (min) 
Fig. 2-5. Thermogravimetry curve of kBmBboko and its de-
rivative curve. 
Sample: 9.6 mg of kBmBboko sample A (water content: 
74.7.) 















Table 2-2. Amount of water existing in the three 
different states in kamaboko classified by TG 
Kamaboko 
A ( 74.7/25.3 ) 
B ( 71.7/22.3 ) 
C ( 80.3/19.7 ) 
Amount of water (g) 
Wet basis吋/Drybasis 
It IIt IIIt 
43.5/171.9 15.7/62.1 15.5/61.3 
46.3/207.6 15.9/71.3 15.5/69.5 
49.5/251.3 15.6/79.2 15.2/77.2 
帯 Amountof water per 100 9 of kamaboko・
持2 Amount of water relating to 100 9 of solid in 
kamaboko. 
どのかまぼこについても 1t'，が多く， n t， mtが少なかった.A， B， Cは










速度でTGを行ない，水を 1t， n t，皿tに区分けした.その結果を横軸に昇



















2 3 4 
Temperature raising rate 
( oC/min ) 
• 
5 
Fig・2-6. The amount of three types of water in kamaboko 
(water content~ 76.3%) estimated by TG at different temter-






毎分 2・C，1・Cの昇温による 1t， llt， IIItのTGによる分析儲から点線で
縦軸に (0・C昇温)外揮した点として得たかまぼこA，B， Cの分析値は
Table 2・3の通りである.
Table 2-3. Amount of three types of water in kBmBboko 
estimated by TG 
Sample Water んnountof water content It lIt IlIt 
A 76.3(7.) 54.7(7.) 6.9(7.) 14.7(7.) 
B 78.4 58.0 ，7.6 12.8 
c 81.1 63.0 6.6 11.5 
2.2.3. 要約
かまぼこの申の水の状態をTGにより区分けした.

























































10 20 30 40 50 60 70 80 90 100 
Expressfng time (町tin ) 
Fig." 2-7. Relations among pressure， expressing time and 








































3 5 10 20 30 60 100 
Exp.ressing time ( min 
Fig. 2-8. Releasing rate of expressib1e water from kamaboko 






をilpとしてかまぼこA，B， Cについて 1p， IIp， ilpを求めて，その結果
をTable2-4に示した.
Table 2-4. Three types of water in kam?boko classi-
fied by the releasing rate at 50 kg/cm' pressure 
Kamaboko Amount of water (g) 
Wet basis町/Drybasi s発2
Ip IIp IIIp 
54.5/230.0 7.5/31.6 14.3/60.3 
59.0/273.1 6.8/31.5 12.6/58.3 




















A ( 76.3/23.7 ) 
B C 78.4/21.6 ) 
C ( 81.1/18.9 ) 
持 Amountof water per 100 9 of kamaboko・





ある.I p， ilpの値はA，B，Cともに大体同じであるのに対して， 1 pには
大きな差が認められた.このことからも，かまぼこ調製時にすり身に加えら
れた水は主に 1pとして存在し， I pやilpの量にはほとんど関係しないと考え
られる.





Table 2-5. Three types of water in kamaboko estimated by press method 
and TG 
Water Press method TG Sample content Ip IIp IIIp It IIt IIIt 
A 76.3(7.) 54.5(7.) 7.5(7.) 14.3(7.) 54.7(7.) 6.9(7.) 14.7(7.) 
B 78.4 59.0 6.8 12.6 58.0 7.6 12.8 
c 81.1 64.2 5.8 11. 1 63.0 6.6 11.5 
加圧法による 1pの水の区分け 加圧法やTGによりかまぼこの中に多量に














1 p-Aはかまぼこの組織にほとんど束縛されない"free"の水， 1 p-Bは加
圧すると比較的容易に圧出されるがかまぼこの組織に束縛された"entrap" 
された水と認識される.



















O. 1 O. 5 5 10 20 30 
Express;昭七;r陀(m;n ) 
Fig. 2-9. Releasing rates of expressible water from surimi gel 
under different magnitudes of pressure. ・50kg/cm'， 0: 10 kg/cm'， @: 5 kg/cm'， 0: 3 kg/cm' 





















































10 30 60 102 103 104 
Absorbfng tfme ( mfn ) 
Fig・2-10. Relation between the absorbing time (Logarithm) and 
the amount of water exuded and absorbed from kamaboko packed 
under the atmospheric pressure. 
・ SampleA (water content: 76.37.)， A: Sample B (water con-
tent: 78.47.)，・ SampleC (water content: 81.17.) 





























10 20 30 60 102 103 
Absorbing time ( min ) 
104 
Fig. 2-11. Relation between the absorbing time (logarithm) and 
the amount of water exuded and absorbed from vacuum-packed 
















水を加えるとかまぼこの中の 1tが増加したことから， 1 tは束縛度の弱い

























Table 2-6. A possible contrast of different types of water 









Squeezed out easily 
Squeezed out slowly 
Squeezed out hardly 
or at all 
Classification by Fennema 








1 p-Bが含まれている. IIpは加圧するとゆっくり圧出される水で 1p-Bよりか
なり強く束縛されているが，この分類によれば"entrap"された水の一部に
相当すると考えられる.ilpは圧出され難い水であり， interfacial water 

































工品も含めてよく研究されている 96.11ト 114) 肉の穏類にもよるが，ウシ
筋肉の抽出性及び保水位は0.8・1M(5・6%)食塩で最大である113)ことや，ウ
サギ筋原繊維は食塩濃度の存在下で著しく膨潤し 11日.114) 1M (6%)食塩
では最大となり， 5M (29%)食塩ではほとんど膨潤しないことが観察されて
-43・




























及び加熱ゲルの中の水を， 1 p (容易に圧出される束縛度の低い水)とIIp+
ilp (やや圧出され難い水IpとI玉出され難い束縛度の強い水盟p)に区分けし








分析値はすり身の全水分すなわち1p + I p + I p = 100としたときの1p-A， 
1 p-B， Ip+ IIpの割合である." free water"の1p-AはpH3付近の酸性域で
比較的少なく， " entrapped water"の1p-Bやすり身にかなり強く束縛され
た"entrapped water"と"immobilized water"よりなるIIp+IIIpが多く存
在した.しかしpH5付近までpHを上げるとすり身の水の束縛度は著しく低下し




















































F;g. 3-1. Re1at;ons between pH and the states of water ;n raw 
or heated surimi. 
( 1 )・ Thawedraw surimi at pH 3 to 11 
water. 
Heated surimi of (1) at 900C for 40 m;n. 
Salt-ground surimi of (1) with 3% of NaCl. 
Heated surimi of (3) at 900C for 40 m;n. 
Ip-A water， ~: Ip-B water，図:
added with 25% of 





身の保水性に対するpHの影響を 1p-A， 1 p-B， Ip+ ilpの3区に分げた水の量
的な関係として明確にすることが出来た.
加熱無塩すり身の水の状態 Fig.3-1の(2)はこれらのpHを調整したすり身
を90・C，40分間加熱した後， 1 p-A， 1 p-B， Ip+ ilpの水の割合を調べた結
果である.pH5付近のどのpHにおいても日)の未加熱の場合より 1p-Aの増加，




よって， pH3・5では1p-Aが増加し， 1 p-Bはほぼ OにIIp+ilpは極小になっ
た.すなわち， pH3・5では食塩添加によりすり身の保水性が低下し， pH4・5で
は肉眼的にも著しい水の遊離が認められた.しかし， pHを5以上に移動させる









































ら30%にまで増加し， IIp+IDpは51%から26%にまで減少したが， 1 p-Bが
34%から44%にまで増加した.pH7.0に調整したすり身を塩ずりせずに加熱し
-48・












Fig. 3-2. Changes in the states of water in surimi at pH 7.0 
and pH 6.0 during the modified and simplified processing 
prQcedure of kamaboko_. 
~: Ip-A川 er，~: Ip-B water，園 IIp+IIlpwater 
たゲルでは 1p-Aは57%，1 p-Bは16%で‘あった.したがって，塩ずりした加
熱ゲルは塩ずりしない加熱ゲルより"free water"の1p-Aが27% (57・30



























































し，すり身の保水性は著しく増大した. 1 p-Aは2・3%食塩で極小となり， 6%





h 以下同様にすり身に対して)で水和し， 2・3%食塩 (0.4・0.6M)で最大と
-51-
( 2 ) 
:.....L一一」
15 20 
























Fig~ 3-3. Relations between the states of water in surimi and 
the added levels of NaCl. 
( 1): The salt-ground surimi at pH 7.0 was prepared by add-
ing different levels of NaCl (0-20%) and 25% of water 
into thawed muen-surimi of alaska pollack. 
( 2): These salt-gr四ndsurimi were he~坦d at 900C for 40 min. 




















































かまぼこの調製 本章第l節， 3.1.1~の方法によるpH3 ・ 11で食塩無添加
または3%加えたかまぼこ，及び第2節， 3.2.1.の方法による食塩無添加

























3 5 7 9 11 
pH 
Fig. 3-4. Relations between the pH value and the breaking 
force of heated surimi gels with or without NaCl. 



























。 4 8 12 16 20 
NaCl (Io: ) 
Fig. 3-5. Relations between amounts of added NaCl and the 




























Table 3-1. Relations between the amount of Ip-A 
water in surimi gels and the organoleptic evalu-
ation on the strength of saltness of those gels 
Surimi gels 3% NaCl solution 
A B pH 7.0 pH 6.0 
Ip-A levels 30% 46% 
Panels 4 16特 9 11 
(n=20) 























































90'Cで10，25， 40分間，または120'Cで5，10， 25， 40分間加熱したのち冷却
し，得られたケーシング詰かまぼこを試験に供した.
すり身IIびかまぼこの水の状態 第E章，第3節， 2.3.1.の加圧法によ











Table 4-1. Amounts of types Ip and IIp plus IIIp waters in 
thawed， water-added， and heated surimi 
Types of water Amount of water wet basis十l/drybasis 
Thawed With water added Heated 
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??
，••. ，?••. ，?••. 
??
?
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全水分は82.3%になり， 1 pは60.6%に増加し， IIp+Ilpは相対的に21.7%に
低下した.これをすり身の中の国型分100g当りについて比較すると，加水に













































A B C 
Sample 
。
Fig. 4-1. Changes in the states of water (Ip and IIp+IIIp) in 
raw surimi during salt-grinding under different temperatures 
and per・iods.
Frozen surimi was thawed and 257. of water was added (Surimi 
A)， and was ground with 2.57. of NaCl either at 30C for 10， 30 
and 60 min (Surimi s， C and D) or at 150C for 10， 30 and 60 
miB~urimi E， F and G). 
111111: Type Ip water，阪羽.
in surimi 一
raw ? ?










































Fig. 4-2. Amounts of' Ip-A， 'Ip-B， and IIp p1us Hlp in 
surimi ge1s. 
The same samp1es of raw surimi， A-G， as. shown in Fig. 
4-1. were heated to ge1s at 900C for 40 min. 
~: Type Ip-A water，医~: Type Ip-B water，医53:Type






















90'Cで10分 (H)， 25分 (1)， 40分 (J)と120'Cで5分 (K)， 10分(
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Fig. 4-3. Effects of the heating condition on amounts of 
Ip-A， Ip-B， and IIp p1us I1Ip in surimi ge1s. 
The sa1t由 groundsurimi (surimi C in Fig. 4-1.) was heated 
either at 900C for 10， 25 and 40 min (surimi ge1 H， 1 and 
J) or at 1200C for 5， 10， 25 and 40 min (surimi ge1 K， L， M 
and N). 
仁コ:














Table 4-2. Relations between 'amounts of Ip-A and Ip-B waters 








































































Refer句 samp1esB -G inFig. 4-2町、dH -N inFig. 4-3. The coeffici町t
of corre 1ation beboie四 Ip-Awater耐 ha吋ness(T.U.) is -0.921 and a1so be-
b時間 Ip-8water and ha吋ness(T.U.) is 0.927. 
1 p-Aが少なく，熱では5・10分間の短時間加熱ではゲルの破断強度は高く，
1 p-Bが多かったが， 25， 40分間と加熱時間が延長すると破断強度は著しく低









































Frozen surimi of Alaska pollack without NaCl (Muen-surimi): 
I~thawed at 100C for 2 h. 
|←ground preliminarily for 3 min in a silent-cutter. 
|←ground below 70C for 15町linin a silent-cutter， with 
25% of water and 2.5% of NaCl at a final concentration. 
Salt-ground surimi 
l-tuff d … … in 川川山州川山1吋泊伽d白伽…e創『
tube casings with diameter崎 of32 mm. 
←_ incubated at 0， 10， and 300C for a fixed time. 
Incubated surimi (Set gel) 
|売-heated at 900C for 40 min. 
|モー-cooledin ice-water for 30 min and stored at 40C. 
Heated gel (Casing-stuffed kamaboko) 
Fig. 4-4. Procedure for preparing salt-ground surimi， 



















Top v1ew ↓Measurement 
:.1 
Fig. 4-5. Apparatus' for measuring absorbable water contents 




200 w . 7.98・s+ 45.3 




10 20 30 酔 40 50 
S (cm') 
Fig. 4-6. correlation between area and amount of water 
absorbed jnto filter paper. 
-69・
トレースした水分の広がりの面積S (cm2) とWの関係をプロットすると






































。 10 20 
Incubation time (h) 
Fig. 4-7. Effect of incubation on the hardness of salt-ground 
surimi and their heated gels. 
Salt-ground surim.1 inclJbated at OoC (0)， lOoC (d.) and 
300C (口)， and their heated gels at 900C for 40 min after 
incubation at OoC (・)， lOoC (A) and 300C (圃)were pre-













Tab1e 4-3. Change in amounts of re1eased water from vacuum-packed 
kBmBboko during storage 
Kamaboko Periods of storage (days) and re1eased water (7.) 
Incubation temp. 
(OC) and time (h) O(time) 10(days) 20(days) 30(days) 40(days) 
O(h) 0.9(7.) 9.5(7.) 10.3(7.) 10.7(7.) 10.8(7.) 
3 0.8 10.5 10.5 10.7 11.0 
O(OC) 5 1.2 10.9 11.4 11.8 11.8 
10 1.2 11.8 12.0 12.2 13.0 
20 1.6 12.2 12.5 13.4 13.7 
1.2 10.9 11.5 11.8 1.7 
3 1.4 11.5 12.0 12.8 13.2 
10 5 1.2 11.7 12.5 13.1 13.3 
10 1.5 12.0 12.5 13.4 13.5 
20 1.9 13.0 13.8 14.2 14.6 
0.5 1.3 1.2 11.7 12.8 13.3 
1.3 11.0 12.6 12.9 13.6 
3 1.4 11.4 12.7 13.1 13.8 
30 5 1.4 11.2 12.6 13.4 13.8 
10 1.6 11.5 12.9 14.0 14.6 
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Fig. 4-8. Effect of incubation on amounts of absorbable 
water from salt-ground sur1m1 and their heated gels. 



























Fig. 4-9. Changes in existing states of water in salt-ground 
surimi during incubation and $ubsequent heating at 900C. 
The salt-ground su~imi was incubated at OoC (left side)， 
100C (center)， and 300C (right side) and then heated at 9OoC 
for 40 min. Upper three plates represent incubated surimi 
( 0) and lower three do heated gels (・).
~: lp-A water， ~: lp-B water，図 IIp+Illpwater 
-75・









これらを90'Cで加熱したかまぼこでは1p-Aが増加し， 1 p+ mpi>~一定レベル





















































30・cI 5 h 
10 h 
Fig. 4-10. Re1ative fluorescence intensity of non-salt-ground 
surimi， sa~-ground surimi with orw;thout incubation at 100C 
or 300C (仁コ)， and their heated gels at 90oC.for 20 m;n 


















されて来た.ト 14) しかし，第 I章で真空包装かまぼこにおいては坐らせた
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o 2 46 8 1012 14 16 18 
1 Fro戸ー民ftion?lGm(cdlg) 
80 10 5 3. 2 
刊 icknessof cut sli ces( mm) 
Fig. 5-1. Changes in the amount of released liquid from casing-
stuffed kamaboko measured )mmediately after slicing into many 
different thickness. 
Correlations between cross-sectional area (X cm'/g) of cut 
slices and the amount of released liquid (Y g) were as follows: 
A; Y=O.265X+O.277 r=O.9998 (n=1) 
B; Y=O.338X+O.270 r=O.9999 (n=7) 










遊離水量 (Yg)の間には高い相関性があり， Y=aX+bの一次式で表された.Y 
軸切片 bが切断前(X = 0 )のかまぼこの包装フィルム面における遊離水に
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o 1 5 10 15 20 30 
Periods 01 storage(days) 
Ffg. 5-2. Changes in the amount of released liquid from non-
vacuum-packed and vacuum-packed kamaboko during storage. 
The ful1 line: the change in the amount of released liquid 
from nonvacuum-packed kamaboko・Thedotted line: the change 

















































シングに詰めて， 90'Cで10，25， 40分間，または120'Cで5，10， 25， 40分間
加熱した後冷却してケ}シング詰かまぼこを得た.

















Tab1e 5-1. . Re1ations between amounts of water re1eased on 
surface of cross-cut slices of kamaboko and those of Ip-A 















































The coefficient of corre1ation between re1eased water and 

















































































o 1 3 6 9 12 15 18 
Amount of starch (%) 
Fig. 5-3. Relations between amounts of wheat 











































1 1.5 1.5 2.5 
2.07 
2.5 4 
Starch ( % ) 
Input volt (V) 
Hardness (日/V) 4.82 4.52 3.54 2.97 1.44 0.88 


























Starch ( % ) 
Input vo1t (V) 




Fig. 5-4. Patterns of the texturometer-curve of kBmBboko added with 
different amounts of wheat starch. 
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o 1 3 6 9 12 15 18 
Amount of starch (7.) 
Fig. 5-5. Re1ations between amounts of wheat 


































o 3 6 9 12 15 18 0 3 6 9 12 15 18 
Amount of starch (7.) 
Fig. 5-6. Water re1ease from vacuum-packed kaIDaboko added 























































れた. 1 tは最も多量に存在し，すり身に加えた水の多くはかまぼこでは1t 
として存在した.かまぼこの切片を一定圧力で加圧して得られる圧出水分曲
線の変曲点から，かまぼこの水は束縛度の弱い方から 1p， 1I p， IIpに区分け
された.多量に存在する 1p (bulk phase water)は低圧での加圧によりさら
に1p-A (free water) ， 1 p-B (entrapped water)に分けられた.かまぼこ
を吸水紙に挟んで真空包装して得られる吸出水分曲線の変曲点から，かまぼ
この水は束縛度の弱い方から 1a， 1I aに区分けされた.これらの方法により















































In order to obtain fundamental informations to control the 
problem on water-release during storage from some types of pack-
ed kamaboko， the author attempted to elucidate a sequence of 
changes related to water-holding capacity (WHC) of Alaska pollack 
surimi whiJe processed to produce kamaboko and then stored under 
packed conditions. 
This study is divided into five parts. 
First， actual changes which occur during storage in water re~ 
lease and gel-strength of some types of packed kamaboko produced 
under different conditions. 
Second， establishments of the method for the classification of 
existing states of water in kamaboko in order to clarify the 
feature of changes in WHC. 
Third， influences of pH and NaCl concentration on WHC of surimi 
and its heated gel， kamaboko・
Fourth， influences of temperature and period of time during 
salt-grinding， setting incubation and heating process on WHC of 
surimi and kamaboko・
Fifth， mechanisms of the water-release from packed kamaboko 
and its control by the addition of starch into surimi・
The results obtained are as follows 
1. Changes wich occur during storage in water-release and gel-
strength of kamaboko produced under different conditions. 
Vacuum-packed kamaboko released increasingly a large amount of 
water during storage at 50C， compared with casi時一stuffl吋 kamaboko・
Amounts of released water from kamaboko increased'with the addi-
tion of water into surimi. Although a kamaboko produced with 
setting incubation at 50C before heating had a high gel-strength， 
-101・
under vacuum-packed condition it released more amounts of water 
than one without incubation. 
The released water was diminished by re-heating at 900C for 5 
-25 min after vacuum-packing， whereas in accordance with the 
periods of re-heating the gel-strength of kamaboko tended to 
decrease. Expressible water amounts from both vacuum-packed kama-
boko and casing-stuffed kamaboko changed little during storage 
and were maintained at the same level. The gel-strength of kama-
boko showed a tendency to increase during storage. 
2. Establishments of the method for the classification of exist-
ing states of water in kamaboko. 
The existence of three different states of water""in kamaboko 
was suggested by the Hender、son'swater sorption isotherm analy-
sis. Mono-molecular water layer was estimated as about 7.1g per 
100g dry basis of kamaboko by the B.E.T. equation. Three types 
of water ( It， IIt， IIIt ) different in mobility were also recog-
nized by thermogravimetry. 
When kamaboko specimens were pressed between filter papers at 
a definite magnitude of pressure for a fixed time， three break 
points were found on the curve， which represents the relation 
between the amount of expressible water and the expressing time. 
The result indicates that existing states of water in kamaboko 
can be classified into four categories， types Ip-A. Ip-B， IIp 
and IIIp. Type Ip water ( "bulk phase water‘" )， which is com-
posed of Ip-A ( "free water" ) plus Ip-B ( "entrapped water" ) 
was squeezed out rapidly， the type IIp water ( "tightly entrapp-
ed water" ) slowly， and type IIIp water ( "immobilized water‘" ) 
hardly or at all. 
When kamaboko specimens werevacuum-packed between absorbing 
papers， one break point was found on the curve， which represents 
the relation between the amount of absorbable water and the 
absorbing time. Water in kamaboko was classified into two states， 
-102・
the type Ia absorbed to the paper easily and Ila absorbed hardly. 
Quantitative relations among waters classified by these methods 
were as follows It:f Ip :f Ia， IIt手IIp，IIIt ~ IIIp， IIt + IIIt 
~ IIp + IIIp ~ IIa. 
The relative amounts of Ip (It)， IIp (IIt) and IIIp (IIIt) on 
dry basis were measured for the three kinds of kamaboko differ-
ent in water contents. The amounts of IIp plus IIIp (IIt plus IIIt) 
of all kamaboko tested were mostly the same. In contrast， the 
amount of Ip (It) increased markedly with an increase in that of 
the added water. Type Ip， which is composed of sub-types Ip-A and 
Ip-B， was thus considered to largely contribute to WHC (or wateri-
ness) and the texture of kamaboko. 
3. Influences of pH and NaCl concentration on WHC of surimi and 
kamaboko. 
Water in surimi and its gel， kamaboko， was categorized into 
types Ip-A， Ip-B， and IIp plus IIIp by the press method which 
was established by the author. The maximal Ip-A，. and the mini-
mal Ip-B and IIp+Illp in amounts were estimated in both non-
salt-ground and salt-ground surimi at a pH of about 5 that ・
is， WHC of surimi was minimal at this pH. The amount of Ip-A 
in salt-ground surimi with pHs below 5 was larger than in the 
non-salt-ground one. With the increase of pHs above 5， WHC of 
surimi markedly increased and the amount of Ip-A decreased 
more in the salt-ground surimi than in the non-salt-ground 
mater、ial.The amount of Ip-A in surimi at pH 7， near the ordi-
nary pH value of surimi for kamaboko remarkably decreased with 
the addition of 1% NaCl， reached a minimum with 2 -3% NaCl and 
began to increase with more than 6% NaCl. 
After heating surimi with pHs between 5 and 9 at 900C， amounts 
of Ip-A were also less in salt-ground surimi gel than in non-
salt-ground ones. Especially small amounts of Ip-A and large 
amounts of Ip-B were determined in the salt-ground surimi gel 
-103・
with 2 -3% NaCl at pH 7.0 that is， WHC of kamaboko was maxi-
mal at this pH and NaCl concentration. 
The salt-ground surimi gel with a large amount of Ip-A and a 
low gel-strength was significantly saltier than that with a 
small amount of Ip-A and a high gel-strength. 
4. Influences of processing temperatures and periods of time 
on the WHC of surimi and kamaboko. 
Changes of WHC of surimi during grinding with water (25%) and 
the subsequent incubation and heating were investigated by 
classifying water in surimi into Ip (Ip-A plus Ip-B)， IIp plus 
IIIp different in mobilities. The WHC of surimi and its heated 
gel， kamaboko， increased during salt-grinding at 30C with the 
passin~ of time up to 60 min and decreased gradually with the 
time. During salt-grinding at 150C the WHC increased within 
short time， but it d~creased markedly with ~he passing of time 
beyond 15 mi n. 
The WHC of kamaboko produced by heating salt-ground surimi 
gradually at 900C decreased w~th the heating time from 10 min to 
40 min. Heating rapidly at high temperature (1200C) for short 
time (5 -10 min) increased the WHC of kamaboko higher than that 
heated at 900C， but heating at high temperature for long time 
(25 -40 min) remarkably decreased the WHC. 
As above mentioned in 1， a kamaboko produced with setting 
incubation released more amount of water than one without incu-
bation. Then further details on this phenomenon were investi-
gated. The gel-~trength bf kamaboko increased more or less by 
the incubation before heating. During storage under a vacuum-
packed condition the water-release from kamaboko produced with 
incubation was more remarkabl忌 thanthat without incubation. 
Water amounts absorbable from the incubated surimi and its 
kamaboko gel into a filter paper were more than those from the 
non-incubated. Also by the press method more amounts of easily 
-104・
mobile water ( Ip-A ) were determined in the incubated surimi 
and its kamaboko gel. Surface hydrophobicity of the surimi 
measured for relative fluorescence intensity increased during 
incubating at 100C and 300C and the subsequent heating at 90oC. 
This increase in the hydrophobicity during incubation is con-
sidered to have a close relation to an increase of easily mobile 
water content in the incubated salt-ground surimi and its heated 
gel， "suwari kamaboko". 
5. The water-release from packed kamaboko and its control by the 
addition of wheat starch. 
Little amount of water released on the surface of casing-stuff-
ed kamaboko in contact with the casing film. However， some part 
of "free water" existed already as released water on the cross-
cut surface of slices of kamaboko， when it was cut. The amount 
of released water increased in proportion to the cross-sectional 
area of kamaboko.and was highly co，rrelated to that of Ip-A in 
kamaboko measured by the press method. The Ip-A was considered 
to exist in kamaboko as free drip and the source of water re~ 
lease. The released water on the cross-cut surface increased a 
little during storage under the non-vacuum-packed condition， 
whereas it remarkably increased during storage under the vacuum-
packed condition. The water-release from vacuum-packed kamaboko 
is due to the capillary action， which is accelerated by the ex-
ternal pressure. 
The Ip~A in kamaboko decreased with the increasing amount of 
added wheat starch and the gel-strength of kamaboko increased 
correspondingly. As a result， water release from vacuum-packed 
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